Over 9500 people die annually in Australia from sudden cardiac arrest. Strong evidence suggests early, high quality cardiopulmonary resuscitation (CPR) and early counter shock are paramount for improving survival from cardiac arrest. It has also been shown that first responder programs have been able to reduce response times and increase survival rates for out-of-hospital cardiac arrest. The objective of this study was to examine data from the first 7 years of an Australian out-of-hospital cardiac arrest first responder program where fire fighters provided basic life support.
Introduction
In 2007, approximately 9500 people died of a cardiac arrest in Australia (1) (2) . There is strong evidence to suggest that early cardiopulmonary resuscitation (CPR) by trained healthcare professionals or bystanders and early counter shock can dramatically increase the likelihood of obtaining return of spontaneous circulation (ROSC) and survival from out-of-hospital cardiac arrest (OHCA) (3) (4) (5) (6) (7) . This resulted in the concept of the 'chain of survival' which was endorsed by the American Heart Association (3). The 'chain of survival' is a sequence of four key events that increases survival from OHCA: early recognition and early access to emergency medical services (EMS), early CPR, early counter shock, and then, early advanced cardiac life support (ACLS) (3) .
Early access to EMS is a critical factor in surviving an OHCA (5, 7) . Early, high quality CPR by either trained healthcare professionals or bystanders, is essential to supplying both the brain and the heart with oxygenated blood and maintaining viability of these important organs (3, (6) (7) (8) (9) (10) (11) (12) (13) . Early high quality CPR also assists in slowing the progression of cardiac rhythm from ventricular fibrillation (VF), which is reversible with defibrillation, to asystole where there is a dramatic drop in survival rates, as well as improving the likelihood of successful cardioversion from VF (4, 7, 10, 13, 14) . Early counter shock can result in termination of potentially fatal cardiac rhythms and return the heart to normal rhythm (15) resulting in improved organ perfusion (3, 13, 15) . In cardiac catheterisation laboratories there have been reports of successful cardioversion VF cardiac arrest rates as high as 100% (5) , highlighting that early counter shock is key to increasing the likelihood of survival from cardiac arrest (3, 7, 13, (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) .
As EMS response times increase due to factors such as lack of resources and increasing workload, it is becoming increasingly difficult for these potential lifesaving interventions to be implemented in a timely fashion (13, 29, 30) . This has led to the development of first responder programs where non-healthcare professionals have been trained to perform basic life support and utilise an automatic external defibrillator (AED) in an effort to address increasing EMS response times (31) .
The use of first responders has allowed patients who have suffered an OHCA to receive basic life support and early counter shock before EMS services have arrived in a range of urban and rural settings, and therefore potentially improving patient outcomes (18, (20) (21) (22) (23) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) . First responders programs come in many forms, including fire fighter first responder, police first responders and in other forms such as airline employees.
Fire fighter first responders
The use of fire fighter first responder programs has been a part of the EMS in the United States for decades (42) , and these programs both in the US and abroad have shown decreased response times and decreased time to counter shock (33, 36, 42, 43, 46, 47) . Several studies demonstrated that fire fighter first responders were able to increase the number of patients surviving OHCA (42, 43, 46, 47) . Hollenberg et al showed a decrease in survival rates from OHCA after the conclusion of their fire fighter first responder program pilot in Sweden (43) .
Emergency medical response programs in Australia
While the concept of fire fighter first responders is not a new one, the MFESB Emergency Medical Response (EMR) program was the first time that a fire fighter first responder program had been established in Australia. The EMR was activated when there was a suspected cardiac arrest or impending cardiac arrest (such as a patient with ineffective breathing and altered conscious state) within the area covered by the MFESB. The initial reporting on the limited 12-month pilot period of this EMR program by Smith et al, demonstrated survival rates internationally comparable but there was no statistically significant difference between the EMS and MFESB survival outcomes. As a result of the positive outcomes of the study by Smith et al, the EMR program was expanded to encompass the entire MFESB coverage area (30, 47) . Another study was conducted by Boyle et al (31) of the first 7 years of the entire MFESB EMR program where all cases attended were included and examined, demonstrating that the MFESB had a rapid response time to all incidents that they attended during the study period.
There have been several other EMR programs both in Melbourne and throughout Australia. An example of this is Hatzolah, where volunteers from Melbourne's Jewish community provide a first responder service to the Jewish communities in Melbourne, in tandem with AV (44) . Hatzolah has only seen a small number of cardiac arrests (34) during that period and the impact of this first responder group on patient outcomes has never been studied (44) . Another example is St John Ambulance Australia, which provides first responders for major events. In an examination of cardiac arrests attended by this organisation at a major sporting facility and the Shrine of Remembrance, there was a remarkable 71% (n=20, with 86% of 28 cardiac arrest patients being transported to hospital alive) survival rate for patients suffering from a cardiac arrest (22) . Finally, a first responder program established by the airline, Qantas, showed that there was a role for first responders on aircraft in management of cardiac arrests, with a long term survival rate of 26% (21) .
The objective of this study was to examine data from the first 7 years of an Australian out-of-hospital cardiac arrest first responder program where fire fighters provided basic life support.
Methods

Study design
This study was a retrospective cohort study of all cardiac arrests attended by MFESB over a 7-year period (1 March 2001 to 28 February 2008).
Definition
A cardiac arrest was defined as patient that presented unconscious with no signs of life such as a pulse or respirations.
Study population
During the study period the MFESB serviced an area of approximately 1100 km 2 with an approximate population of 2 million people. Within this service area, the MFESB has 51 stations with approximately 1400 fire fighters trained to a first responder level. Each fire fighter undertakes an 8-day training course (which is now part of fire fighter basic training) with a 1-day refresher training every 3 years. Fire fighters were trained to perform CPR, in utilising an AED, advanced first aid and the administration of oxygen through a range of means including bag-valve-mask ventilation. There is also regular skills maintenance and regular follow up after incidents by a designated paramedic from AV. Any patient who was found to be in cardiac arrest on the arrival of MFESB was eligible for inclusion in the analysis.
Study process
The MFESB have three EMR data files that contained relevant data to this study; these included the cardiac arrest data file, the callout data file and the patient care record data file. All files were provided in a Microsoft Excel® file format. An electrocardiogram file obtained from each AED after the completion of a cardiac arrest was also provided for review. These data files contain relevant times during the cardiac arrest, cardiac rhythm and other data that is pertinent to analysis of the cardiac arrest. The data were 'cleaned' to ensure that there were no duplicate incidents, and that any outliers were the result of natural variation, and not that of inaccurate data entry.
Data analysis
The data was analysed using SPSS (Statistical Package for the Social Sciences Version 19.0, SPSS Inc., Chicago, Illinois, USA). Descriptive statistics, including means and medians, were used to summarise the demographic and specific outcome measure data.
Ethics
Ethics approval for the study was obtained through the Monash University Standing Committee on Ethics in Research Involving Humans.
Results
During the study period, the MFESB attended 8227 incidents as part of the EMR program; of this 4450 patients were in cardiac arrest ( Table 1) . Incidences of cardiac arrest peaked between the hours of 07:00 and 10:00 hours and then again between 16:00 and 18:00 hours. Of the 4450 cardiac arrests attended, 64.2% were male and 32.2% were female. There were 161 (3.6%) case sheets without gender information. The mean age of the patients was 67.5 years (range 1 month to 101 years). The overall mean response time for the 7 years of the EMR program was 6.31 minutes (range 0.15-31.67 minutes). Table 1 shows mean response times as well as the range of response time for each of the 7 years of the EMR program.
In 1797 (40.4%) cases, fire fighters provided initial care prior the arrival of paramedics; in 1261 (28.4%) cases fire fighters provided assistance to paramedics already on scene ( Table  2 ). The mean time that a patient was in the care of fire fighters prior to the arrival of EMS was 4.6 minutes (range 0.02-36.5 minutes).
Mean time from the '000' emergency call number was received to defibrillation was 5.9 minutes (from 219 instances where fire fighters performed defibrillation), range 0.38-10.5 minutes. The mean time from arrival on scene to defibrillation was 2.1 minutes (range 0.1-6.5 minutes). The most common initial rhythm when the AED was applied was asystole, with 669 (63.7%), followed by VF (fine or coarse) with 243 (23.1%), of which 219 received defibrillation before the arrival of paramedics. The remaining 24 patients who were in VF did not receive defibrillation, as the AED was unable to determine that the presenting rhythm was VF (Table 3 ). The majority of rhythms after the first shock from the AED were asystole with 119 patients (54.3%), with 63 patients (28.8%) remaining in VF (either fine or coarse). The most common rhythm that was handed over to paramedics by fire fighters was asystole for 787 patients (75.1%) followed by VF (either fine or coarse) with 79 patients (6.5%). See Table 3 . For the patients who did receive defibrillation, the vast majority only received a single shock in 131 instances (59.3%) or two defibrillations in 48 instances (21.7%), with the range of shocks being from 1 to 30. Fire fighters only performed single defibrillations during each cycle of CPR, no 'stacked' defibrillations were utilised.
In total, 1392 patients in cardiac arrest had CPR in progress on the arrival of MFESB crews, representing 31.3% of patients. Also, our results showed that there was a sharp increase in bystander CPR rates in the sixth and seventh year of the program as shown in Table 1 . Winship 
Discussion
The results show that the MFESB EMR program was able to achieve a rapid response time in metropolitan Melbourne, with fire fighters providing care prior to the arrival of EMS in a significant number of patients, and that the vast majority of patients that were treated for OHCA presented in asystole.
Response times
It is well documented that a response time by either EMS or by first responders is paramount in improving survival and favourable neurological outcome for patients in OHCA, particularly those suffering from VF arrest (17, (19) (20) (21) (22) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) . Our study was able to demonstrate a stable mean, 50th and 90th percentile response times, over the course of the 7 years where data were obtained, compared to the EMS service in the same area which had an increasing response time over the same period. (48, 49) . This increase in response times over this period is also substantiated by scientific literature (2,50-52). However, it has been shown in several studies that EMS systems that already have a rapid response time to OHCA, and that implementation of a first responder program leads to minimal, if any, gains in terms of patient outcomes (42).
The Larsen et al study created a multiple linear regression model that can be used to predict the likelihood of survival from VF OHCA (53) . This was developed by thorough review of 1667 OHCA patients who presented in VF and had a history of cardiovascular disease. A survival rate of 67% if the patient received all four links of the chain of survival at the time of arrest; then: -2.3% per minute to CPR -1.1% per minute to defibrillation -2.1% per minute to ACLS. Effectively survival declines 5.5% per minute until intervention (53) .
The AV 90th percentile response times for urgent cases in 2007-2008 was 16.5 minutes (48) . If no bystander CPR was performed in this period, the survival rate would be zero. If CPR was performed prior to the arrival of AV, then approximate survival rate would be 14.2%. Compared to the MFESB EMR 90th percentile response time of 8.69 minutes, the approximate survival rate if no CPR is performed prior to the arrival of fire fighters is 19.2%, and if CPR is performed prior to the arrival of fire fighters then the approximate survival rate is 39.2%. This is just an approximation for patients that were in VF on arrival of EMS and had a history of cardiovascular disease, and considering that only 23% of 1050 patients that had an AED applied to them by fire fighters presented in VF, overall survival rates are dismal.
Presenting rhythm
The most common presenting rhythm, when the AED was applied by fire fighters during this study period was asystole, with 669 (63.7% of all OHCA patients that had an AED applied to them by fire fighters) despite the rapid response time of MFESB and bystander CPR in 31% of OHCA cases. The significance of the majority of patients presenting in asystole is that from the current data we have, there is a significantly reduced likelihood that ROSC will be achieved, or if ROSC is achieved there is a minimal chance of a reasonable neurological outcome for the patient (50, (54) (55) (56) . The second most common presenting rhythm on application of the AED was VF (fine or coarse VF) with 243 (23.1%), of which 219 received at least one counter shock prior to the arrival of paramedics (Table 3) . The majority of patients (119, 54.3%) that received a counter shock reverted into asystole post counter shock, which may be due to the fact that the counter shock is being delivered to a hypoxic myocardium (57) (58) (59) . This further highlights the debate on whether or not CPR should be performed before the initial counter shock is delivered, increasing the likelihood of successful reversion and possibly preventing the patient progressing into asystole (60) (61) (62) . Only 63 (28.8%) of the patients remained in VF (either coarse or fine), post counter shock, with the remainder reverting to other rhythms (Table 3) .
Bystander CPR
Only 31% of patients (or approximately 1350 patients) received any form of bystander CPR prior to the arrival of fire fighters, which is comparable with reported rates of bystander CPR, which range from 12.1% (42) to 51.5% (39) . The majority of reporting was in the range of 30-40%, however, there was a large amount of variance in the numbers of patients enrolled in each study which reduces the accuracy of these percentages (18, 20, 23, 41, (43) (44) (45) . As highlighted previously, if bystander CPR is not performed in the initial period of OHCA then the probability of survival drastically declines with each minute, as shown by the multiple linear regression performed by Larson et al (53) . As shown in Table 1 , bystander CPR rates were 25-28% for the first 5 years of the program, with a sharp increase in bystander CPR rates up to 44% in the seventh year. We believe that this increase in bystander CPR rates was due to a change in CPR instructions by EMS dispatchers, as has been described by Bray et al (63) .
Limitations of this study
This study is potentially limited by the fact that we were unable to link the data we obtained from MFESB EMR program and the Victorian Cardiac Arrest Registry. This limited our ability to determine if the EMR program had any significant survival or neurological benefits for patients. Our study was also limited by the fact that the data was obtained from a third party rather than the research team collecting it, resulting in the possibility of missing data.
Future recommendations
In the future we would like to link the cardiac arrest outcome data to the results we have obtained in order to get a true determination of the effect of this program on patient survival and neurological outcome. Our study has also highlighted that there needs to be an increased drive to educate the public on the importance of providing CPR to a person who has suffered a cardiac arrest. Despite bystander CPR rates being comparative to international rates, this can still be improved.
Conclusion
Our study into the management of OHCA by fire fighter first responders showed a significant reduction in response times when compared to the ambulance service that provided EMS to the same area. It also revealed that the vast majority of patients in cardiac arrest on arrival of EMR presented in asystole, with approximately 23% presenting in VF, and that 31% of patients in cardiac arrest received bystander CPR before the arrival of fire fighter first responders in metropolitan Melbourne, an area that needs to be targeted in future public education programs. In the future we hope to be able to link our findings from the MFESB EMR program to patient outcome data to be able to measure the true success of the program. Winship 
